In a study during the past 2 years of the relation of certain endocrine glands to growth, two series of experiments were carried out with the purpose of ascertaining more accurately the effects of feeding with the pituitary gland and the thymus.' The following experiments were undertaken in the hope of adding further knowledge concerning the. function of the pineal body, especially in its relation to growth and early sexual changes.
sive studies of its normal development have been made by Donaldsonp whose statistics we have used for comparative study.
The experiments were begun when the rats were about 3 weeks of age, immediately after weaning. The young animals were placed in pairs, in separate compartments of specially constructed cages. Precautions were taken to secure ideal hygienic surroundings, to give protection against light and noise, and to afford ample room for the normal activities of the animals. The diet of the rats consisted of wheat, corn, bread, and milk. In the first two experiments the animals were given an excess of bread and milk and mixed grains twice daily. In the third experiment each animal was given equal weighed amounts of Graham flour and milk. The rats were fed liberally and the amount of food was increased as the animals grew. In the last experiment equal amounts of bread and milk were given to all the animals, but no attempt was made to control the exact amount of grain. In this experiment an amount of desiccated thymus equal to the amount of pineal powder was given to two of the control animals. The other control animals were given a corresponding amount of purified casein.
Observations were made in regard to all gross developmental changes such as appearance and texture of the coat, descent of testes and their appearance at various ages, state of nutrition, skeletal changes, body weight, and activities of the animals (the last two recorded weekly). The rats were killed at intervals of 3, 5, and 6 weeks after the pineal feeding had been begun. At autopsy measurements of body and tail length were made, and tissue was obtained from the endocrine glands and the organs of reproduction. The tissue was placed in formaldehyde-Zenker's solution, made with neutral formaldehyde. The sections were stained with hematoxylin and eosin for microscopic study.
RESULTS.
During the entire series of experiments all the animals remained in an excellent state of nutrition. Although the powder of the pineal body was given in relatively large doses, it in no way affected their general health. The activities of the test animals equalled and cot- responded to those of the control animals. In no instance was any sexual precocity noted. The testes of the pineal-fed rats and their control rats descended almost simultaneously. Furthermore, no differences were noted in the appearance, size, or consistency of the testes of test and control animals of the same litters.
The results are summarized in Tables I to VIII and graphically presented in Text-figs. 1 to 5. There was essentially no variation between tlle weight of the pineal-fed 8nlmals and their respective controis. The pineal-fed males showed a difference in weight of 0.5 per cent less than their control animals and the females 9.6 per cent less than their control animals. Not only was there essentially no difference in the final weights of the two sets of rats but no striking variation was noted at any stage of the period of observation. In Litters 1 and 2 it will be seen that the percentage of weight gained by the control rats is somewhat greater than that gained by the pineal-fed animals. This is not true of Litters 3 and 4. Comparisons of the weights of the testes of the pineal-fed rats and their control animals and of the respective ratios of testicular weight to body weight show no difference beyond what may be considered the normal coefficient of varia- tion. The total testicular weight of the pineal-fed rats is 10 per cent less than that of the control rats. The measurements of body and tail length yield results similar to the results obtained in regard to weight; namely, that the body and tail lengths of the control rats'of Litters 1 and 2 are greater than those of the pineal-fed animals and that no noteworthy differences-between members of Litters 3 and 4 are present, provided the comparison is limited to members of the same litters. Furthermore, the results of the study of body weights and measurements are in accord with the observations frequently made in regard to the size of the animals. These observations showed that Litter 1 and its control rat.
the difference in the size between the control and pineal-fed animals of the first two litters was slight, and no difference in members of the last two litters existed. Microscopic studies of the endocrine glands of both control and pineal-fed animals revealed normal conditions; at least no differences were discovered by the ordinary staining methods. Microscopic examination of the reproductive organs of the pineal-fed and control rats (male and female) likewise failed to reveal differences. An the results were entirely in accord with the normal findings in animals of the ages examined with the exception of the testes of the thymus-fed rats in Litter 4, which showed slightly more advanced spermatogenesis. TExT-FIGS. 2 and 3. Curves showing the gain in weight of a male plneal-fed and female pineal-fed rat from Litter 2 and their control rats.
DISCUSSION.
Observation of the pineM-fed and control rats for differences in activity and gross developmental change failed to suggest the existence of any active principle in the pineal body. The statistics in regard to weight and body measurement and the microscopic findings, which represent the most accurate criteria of developmental changes, also are confirmatory of the view that the pineal body does not possess an internal secretion. It will be noted that in Litter 4 the pineal-fed animals showed a greater variation in weight than can be explained by the normal variation of the species. We ascribe this variation to the severe skin infection from which these animals suffered, rather than to any specific effect of the pineal feeding.
Special attention was given to any sexual changes that the pineal body might produce, because of the common belief that tumors of g m..
IOO , Tr. Am. Crynec. Soc., 1917, xlii, 41. either pineal extract was injected or the gland fed. Hosklng 5 concluded that the pineal body, when fed to albino rats, has no effect upon their development. Other observers, using a different method of study, also have obtained conflicting results. Dandy e removed the pineal body from young animals and was unable to note any developmental changes. Horrax, ~ on the other hand, using a similar method of extirpation, arrived at the conclusion that the pineal body stimulated growth and sexual development. Fenger s studied the physiological properties of the pineal body and found it essentially inactive. Park, 9 who made a study of the literature, states: "It seems probable that a mass of experimental literature of conflicting nature will develop about the pineal body, like that which has sprung up around the thymus and the spleen. It can now be said that the experimental work on the pineal up tol the present time has failed to prove that it possesses a function."
An accurate interpretation of feeding experiments with gland substances demands that certain factors which may explain the conflicting results of various observers should be considered. In a previous study on the effect of hypophyseal feeding on growth, attention was called to the importance of using standardized stock such as the albino rat used in the present experiments. 1° As stated above, the normal development of this animal has been carefully studied and the statistics accumulated afford valuable data for comparison. The diet of the animal is another factor which may modify the results of feeding experiments. Little consideration has been given to the question of the adequacy of the diet in the past. We now know that not only adequate amounts of food elements are necessary but also that salts and so called food accessories have a direct relation to growth. It is important, therefore, that these substances should be given in equal amounts to control and test animals. Finally, mention should be made of the experimental'method employed in its relation s Hoskins, E. R., J. Exp. Zod., 1916 , xxi, 295. e Dandy, W. E., J. Exp. Med., 1915 , xxii, 237. 7 Horrax, G., Arch. Int. Med., 1916 , xvii, 627. s Fenger, F., J. Am. Med. Assn., 1916 , Ixvii, 1836 . t Park, E. A., Am. J. Dis. Child., 1916 Work not yet published.
to the interpretation of the results. Oral administration of gland substances may be open to the criticism that the gland is broken down by digestive processes and thus becomes inactive. There is no evidence that such a change in the pineal body does or does not take place. The results of extirpation of the pineal body or injections of the gland may be modified by the trauma involved. The feeding method applied to the albino rat seemed to us the one most likely to reveal the true nature of pineal function.
SUMMARY AND CONCLUSION.
The pineal body of young calves was fed to albino rats beginning at the age of 3 weeks and extending over periods of from 3 to 6 weeks. Four litters of rats were used. Of these, fourteen rats were fed the pineal powder and ten were used as control subjects: Observations in regard to developmental changes and microscopic examination of the endocrine glands and reproductive organs were made. The pineal-fed rats of the first two litters remained somewhat smaller than their controls. The pineal-fed and control animals of Litters 3 and 4 showed no differences in development. Microscopic studies showed no differences between pineal-fed and control rats.
We may therefore conclude that feeding the desiccated pineal body of young calves to young albino rats fails to produce any effect upon the early development of these animals.
EXPLANATION OF PLATE 20.
FIG. 1. Photograph of (1) pineal-fed male, (2) male control, (3) pineal-fed female, and (4) female control rats of Litter 3. No appreciable difference in size can be noted between animals of the same sex.
